21
conditions envisaged for much of the Precambrian. In this early Earth analogue environment,
22
we show that conductive particles establish a tight metabolic coupling between electroactive 23 microbial clades. We propose that mineral-based syntrophy is of potential relevance for the 24 evolution of Earth's earliest complex life forms. We show that the anoxic sediment of Lake 
78
It has been proposed that Fe-minerals such as pyrite helped nucleate the membranes 79 of the earliest cells (Russell et al., 1994; Wächtershäuser, 1988a 
95

Materials and methods
96
Sampling and incubations
97
During an expedition at Lake La Cruz in central Spain ( 
117
Slurries were prepared in an N 2 -filled anaerobic chamber in the laboratory. For these 118 slurries, we used 3 mL cut-off syringes to distribute 2.5 mL of sediment into 20 mL gas-tight 119 vials filled with 7.5 mL of medium, either modified DSM 120 or DSM 334. Modified DSM 120 120 medium was prepared as described previously (Rotaru et al., 2014b) 
144
Gas samples were withdrawn, stored anaerobically and then analyzed for methane on 145 a Thermo Scientific gas chromatograph 
177
To determine iron mineral speciation, sediment was subsampled from each 2 cm- 
290
In situ bacterial diversity -with focus on described electrogens. We therefore anticipated 291 that electrically conductive particles inherent to La Cruz sediments would facilitate mineral 292 mediated interactions between electrogens and electrotrophic methanogens in this lake 293 sediment. Indeed, our data demonstrate that the community harbours organisms affiliated to 294 groups of electrogens including Geobacter (Fig. 4) , and to DIET-methanogens including 295
Methanothrix (Fig. 4) . (Fig. 4) .
328
In situ archaeal diversity. Euryarchaeaota accounted for more than half of the Archaea 329 represented through amplicon sequencing (Fig. 4) (Fig. 4) .
365
High methanogenic activity could only be maintained by conductive particles.
366
In order to determine the effect of conductive particles on the Lake La Cruz methanogenic 367 community, we compared incubations with or without additional conductive particles. These 368 incubations showed that the methanogenic community was strictly dependent on the addition 369 of conductive particles and independent of the type of substrate, conductive particle, or 370 freshwater medium tested (Fig. 5) 378
We observed that all tested substrates were transiently converted to acetate, which 379 was converted quickly to methane in the presence of conductive particles, whereas acetate 380 accumulated in the absence of conductive particles (Fig. 5) . This is likely due to higher rates 
384
We determined which organisms were enriched on acetate with or without conductive 385 particles. For this we compared the acetate fed communities exposed to two types of 386 conductive particles (GAC and magnetite) to a community exposed to no conductive 387 particles. We determined that Youngiibacter and Methanothrix methanogens dominated the 388 enrichments amended with both types of conductive particle (Fig. 6 ). On the other hand, in 389 controls without conductive particles, after only one single transfer Youngiibacter could not 390 be detected. In the absence of conductive particles methane production only occurred slowly 391 for one transfer and in this case Methanothrix co-existed with Clostridium (Fig. 6 ).
392
Youngiibacter was only found in enrichments with conductive particles and its 393 presence could be associated with rapid acetate consumption coupled to methane production 394 (Fig 5) . We therefore anticipate that Youngiibacter plays a role in conductive-particle membranes (Martin et al., 2003; Russell et al., 1990 Russell et al., , 1994 Wächtershäuser, 1988b 
